A chitinase isolated from Coccidioides immitis was subjected to amino-terminal protein sequence analysis. The resulting 18-amino-acid sequence was compared with the previously reported amino acid sequence of coccidioidal immunodiffusion-complement fixation (IDCF) antigen. From the homology of the two sequences, the results support the identification of the IDCF antigen with a chitinase.
The serologic value of the complement fixation (CF) and the corresponding immunodiffusion-complement fixation (IDCF) tests for the diagnosis and prognosis of coccidioidomycosis is well established (5, 8, 11, 12) . These tests have used crude antigenic preparations, coccidioidins, that contain the reactive CF antigen as well as other antigens (5, 8, 11, 12) . However, to use the more sensitive assays, such as the enzyme-linked immunosorbent assay, that require antigens of higher specificity, it may become necessary to isolate the reactive components (13) .
Zimmer and Pappagianis previously described the IDCF antigen as a 110-kDa protein that migrates at 48 kDa when electrophoresed following exposure to heat and reducing agents (17) . Resnick et al. subsequently reported a 27-residue amino-terminal sequence from chromatographically purified IDCF antigen (10) .
We have isolated a chitinase from the spherule-endospore phase of Coccidioides immitis and have demonstrated identity with the CF antigen on the basis of biochemical properties and serological reactivity (6) . This isolated protein was subjected to amino-terminal sequence analysis, and we report the resulting sequence in this paper. This sequence was compared with the previously reported amino acid sequence of the IDCF antigen and with the sequences of other bacterial, fungal, and plant chitinases.
The procedure used to purify the C. immitis chitinase has been described in detail previously (6) . Briefly, 1 liter of culture filtrate was collected 48 h after inoculation of culture medium with C. immitis Silveira endospores and sterilized by passage through a 0.2-,um-pore-size filter unit. To avoid interference during the sequencing, no preservative or protease inhibitor was added. The filtrate was concentrated by using a stirred pressure cell (Amicon Division, W. R. Grace and Co., Danvers, Mass.) and was sterilized a second time by passage through a 0.2-,um syringe filter. Regenerated chitin, prepared from crab shell chitosan as described by Cabib (2), was added to the concentrate, and the mixture was incubated at 4°C for 2.5 h to permit affinity adsorption of the chitinase to the chitin. The chitin-chitinase insoluble complex was washed twice by centrifugation with sterile 50 mM phosphate buffer (pH 6.3), resuspended in fresh buffer, and incubated at 37°C overnight. The residual chitin was * Corresponding author.
removed by centrifugation, and the reaction products of the chitin digestion were removed by passage through a Sephadex G-25 disposable gel filtration column (Pharmacia, Piscataway, N.J.) Finally, the isolated chitinase was lyophilized and resuspended to approximately 0.25 mg/ml in 1 ml of sterile deionized water.
The isolated chitinase was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (12% polyacrylamide gel) under reducing conditions to remove any minor contaminants and to prepare the sample for sequencing. Prior to electrophoresis, the sample was heated for 4 min at 100°C in the presence of P-mercaptoethanol and SDS. Approximately 5 ,g of protein was loaded into each lane. Low-molecular-weight markers (Bio-Rad Laboratories, Richmond, Calif.) were similarly prepared and electrophoresed. Following the electrophoresis, the separated proteins were electrotransferred to Problott, a polyvinylidene difluoride membrane (Applied Biosystems, Foster City, Calif.), overnight at 200 mA (1). Protein bands on the polyvinylidene difluoride membrane were visualized by staining with Coomassie blue for 1 min and destaining with 50% methanol (1). A broad-staining band migrating at a molecular weight of approximately 48,000 was observed. Because of the staining method required for sequencing, it was not possible to resolve the doublet bands which were described previously (6) . A representative lane and the low-molecularweight markers from a similarly prepared gel are shown in Fig. 1 . The stained blot was washed thoroughly with deionized water, and the band was excised from multiple lanes. Since degradation products might exist because of the absence of protease inhibitors, only the uppermost portion of the band was removed. Sequencing was performed directly on the sample bound to the polyvinylidene difluoride membrane by the Protein Structure Laboratory, University of California, Davis, using automated Edman degradation.
Thirty-three degradation cycles were performed on the blotted protein sample, resulting in a 21-amino-acid sequence (Table 1) . No signal above background was detected during cycle 4. Amino acid 4 may be cysteine since the protein had not been derivatized prior to sequencing, a requirement for the detection of cysteine. Also, because of the small sample provided for sequencing, it was not possible to determine unequivocally the amino acids from cycles 16 and 19. Two residues were detected from each of these cycles and are indicated in Comparison of the chitinase sequence with the IDCF sequence of Resnick et al. (10) resulted in alignment beginning with amino acid 9 of the chitinase sequence (Table 1) . All identified amino acids were homologous with those of the previously reported sequence. This region of homology suggests that the two independently derived sequences probably belong to the same protein.
The combined amino acid sequence was compared with sequences of other proteins by using the University of Wisconsin Genetics Computer Group program. NBRF and EMBL data bases were searched, and sequences were compared by using "best fit." Multiple sequences were initially aligned by "pileup."
The coccidioidal chitinase/IDCF composite sequence showed similarity to those of three bacterial chitinases (Table 2 ). These were Bacillus circulans ChiA (14) and Serratia marcescens ChiA and ChiB (3, 7). One particular motif, YGR (boxed), is present in all sequences and is preceded by a semiconserved region. It was anticipated that homology would be observed among other fungal chitinases; such homology was not found, since there appears to be a paucity of sequenced fungal chitinases available for compar- ison in the data bases and perhaps due to the short sequence of our coccidioidal chitinase.
Eight terminal amino acids were present in the chitinase derived from the 48-h spherule-endospore phase culture in addition to those detected in the sequenced IDCF antigen derived from the 60-h culture filtrate (10) . We suggest that the proteolytic activity which emerges during the 30 to 60 h of growth and reaches a maximum at 60 h (9) may remove these amino acids from the chitinase. At least two C. immitis proteinases have been isolated from the spherule-endospore phase (9, 15, 16 (10) . We have observed that the isolated chitinase which exhibited CF activity contains, at the N terminus, 8 amino acids beyond the N-terminal sequence reported for the IDCF antigen (10) . The adjacent sequence of 13 amino acids in the chitinase is virtually homologus with the 13 amino acids at the N-terminal portion of the IDCF antigen (10). This 13-amino-acid sequence, in addition to strengthening previous observations linking the IDCF antigen with chitinase activity, provides a basis for screening genomic and cDNA libraries either by using oligonucleotide probes or by screening for chitinase activity. The clones containing the chitinase/CF sequence will allow further investigation of the temporal expression of chitinase and its cellular regulation. These studies are under way in our laboratory. 
